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Colorectal cancer (CRC), the fourth most common
cancer worldwide, was the third leading cause of
cancer death among men and women in Taiwan
in 2006.1 The incidence of CRC has been increas-
ing in the past few years.1 Previous studies have
shown that the prevalence rate of advanced colo-
rectal neoplasia is 1.3–3.0% among middle-aged
Taiwanese.2,3 Cumulative evidence has linked habit-
ual cigarette smoking4,5 and alcohol consumption6
to the increased risk of colorectal neoplasia. Most
risk factors of colon adenoma are also associated
with CRC.4,6 However, debate exists when inves-
tigating the influence of tobacco and alcohol on
CRC risk.7–11 In Taiwan, the prevalence of smok-
ing among men is about 11 times (46.8%) more
than that in women (4.3%).12 Male drinkers also
outnumber female drinkers. Because the inci-
dence of CRC is similar among men and women,
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Background/Purpose: The effect of betel quid chewing on colorectal cancer (CRC) risk has not been 
reported. In addition, there is no consensus about the causal relationship between smoking or alcohol
consumption and CRC risk. This study investigated the impact of betel quid chewing, cigarette smoking or
alcohol consumption on CRC risk in Taiwan.
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mean age, 63.1 years) were recruited from two hospitals in southern Taiwan. The controls were 533 age-
and gender-matched cancer-free subjects from the same hospitals. All subjects were interviewed using a
standardized questionnaire to collect demographic and substance use data.
Results: After adjusting for potential confounding factors, smoking (adjusted odds ratio [aOR], 1.65; 95%
CI, 1.1–2.3), but not betel quid chewing (aOR, 1.3; 95% CI, 0.7–2.4) or alcohol drinking (aOR, 1.1; 95%
CI, 0.7–1.8), was an independent significant risk factor for developing CRC. The significant risk effect 
of smoking was seen mainly among men, because the frequency of smokers was much higher among
Taiwanese men than women.
Conclusion: Our results indicated that consumption of cigarettes but not betel quid or alcohol was a risk
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a gender difference may exist when investigating
the effect of consumption of these substances on
CRC risk.
Betel nut is a natural product for chewing,
and is the seed of the fruit of the oriental palm
Areca catechu. Betel quid chewing is very com-
mon in Southeast Asia, India, Arab countries and
Africa. In Taiwan, betel quid is usually prepared
by wrapping the betel nut with betel leaf and ap-
plying lime to it, or sandwiching a piece of piper
stem and lime paste between two halves of the
betel nut. Taiwanese betel quid products do not
use tobacco as an ingredient, which is different
from those products used in Asian countries such
as India.13 The number of current and ex-users in
Taiwan has been estimated to be about 2.3 mil-
lion, which accounts for 10% of the Taiwanese
population.14 Because female chewers (∼1.0%)
are much fewer in number than male chewers in
Taiwan,14 the effect of betel quid on CRC risk
may differ according to gender. The International
Agency for Research on Cancer (IARC) has identi-
fied betel nut, alcoholic beverages and tobacco
as human carcinogens that target organs of the
upper digestive tract.15 Several epidemiologic stud-
ies in Taiwan have linked habitual betel quid chew-
ing to an increased cancer risk in the pharynx,16
esophagus17–19 and liver,20 in addition to the oral
cavity. As a result, carcinogens in betel nut might
also play a role in the development of malignancy
of the lower gastrointestinal tract.
However, to the best of our knowledge, no
study has investigated the influence of betel quid
chewing on colorectal neoplasia or CRC risk. This
study investigated the impact of the use of betel
quid, cigarettes or alcohol on CRC risk among
Taiwanese men and women, and further evaluated
whether there is an interaction among them.
Methods
Selection of cases and controls
All patients had newly diagnosed, pathologically
proven CRC and were recruited from Kaohsiung
Medical University Hospital (KMUH) and
Kaohsiung Hsiao-Kang Municipal Hospital in the
Kaohsiung metropolitan area of southern Taiwan.
We used two control groups for male CRC cases
because the prevalence of male chewers tends 
to be lower among those who come for health
checkups (∼10%) than that among the general
population (∼15%).19 In contrast, the prevalence
of female chewers was similar among different
control groups. The female control and one of the
male control groups were age- (within 3 years)
and gender-matched, cancer-free healthy sub-
jects and community residents who attended the
KMUH for routine health checkups. This control
group was originally used for the molecular epide-
miologic study of esophageal cancer.18 The other
male control group consisted of cancer-free sub-
jects, who visited the Otolaryngology Department
of KMUH, and the majority of them were diag-
nosed with allergic rhinitis or otolaryngological
infectious diseases. One or two matched controls
were selected for this study. Informed consent was
obtained from all subjects. In total, 258 cases
(153 males and 105 females) and 533 controls
(331 males and 202 females) were recruited for
interviews.
Subjects in this study were interviewed by
trained interviewers using a standardized ques-
tionnaire to collect demographic characteristics
and substance use data (betel nut, tobacco and
alcohol), which was used in our previous study
and other epidemiologic studies, with slight mod-
ifications.18,21 Subjects who had consumed more
than 10 cigarettes per week for at least 6 months
were defined as cigarette smokers. Subjects who
had drunk beer, wine or distilled spirits more
than once per week for at least 6 months were
defined as alcohol consumers. Subjects who had
regularly chewed betel quid for at least 6 months
were defined as betel quid chewers. If the sub-
jects answered “yes” to consumption of any one of
the three substances, detailed questions were
asked about which year the subject started the
habit, the duration of consumption, and the daily
amount consumed. For the betel quid users, ad-
ditional information was collected on the type of
materials that were consumed with the betel nut. 
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The presence of all kinds of malignancy in any
one of the subjects’ first-degree relatives or siblings
was regarded as having a family history of cancer.
This study was approved by KMU’s internal review
board.
Statistical analysis
The distribution of demographic characteristics
between CRC patients and controls was com-
pared using the χ2 test. Lifetime consumption of
tobacco was calculated by multiplying the number
of packs per day by the number of years smoked,
which was designated as pack-years. Lifetime con-
sumption of betel quid was calculated by multi-
plying the average number of betel quid per day
by the number of years of chewing, which was
designated as pack-years (every pack contained
10 betel nuts). The association between substance
use and CRC risk was assessed using logistic regres-
sion models adjusted for age (< 51, 51–60, 61–70
and > 70 years old), educational level (< 7, 7–12,
> 12 years), ethnicity (Fukienese, Mainlander, oth-
ers) and consumption of vegetables and fruits
(< 7, 7–14, > 14 times per week), as well as alcohol
drinking (none, 1–20, > 20 years of drinking),
smoking (pack-years) and betel quid chewing
(pack-years), where appropriate. Statistical sig-
nificance of trends was calculated by categorizing
exposure variables and treating scored variables
as continuous. The binary interaction terms cal-
culated by multiplying the indicators for two ex-
plored risk factors were added to the main effect
models, and their significance was tested by the
likelihood ratio statistic based on a multiplicative
model. The data were analyzed using the Stata
statistical package (Stata Corp., College Station,
TX, USA); all p values were two-sided.
Before the study was carried out, we performed
sample size calculation to recruit an appropriate
number of study participants to examine the study
objectives. Because the effect of betel quid on
CRC risk was the major interest of this investiga-
tion, a two-fold risk for this agent, 80% of power,
0.05 of type I error, double controls and 15% 
of prevalence of betel chewing among the con-
trols were assumed a priori. In a case-control study
setting, 149 cases and 298 controls were required.
Alternatively, to understand the practical study
power for the observed risk of CRC for betel chew-
ing, we also performed a post hoc analysis and this
is described in the discussion.
Results
Distribution of demographic variables for cases
and controls is summarized in Table 1. The mean
age of the CRC patients and their controls was
63.1 ± 11.7 and 63.5 ± 12.3 years, respectively.
The age distribution among male and female CRC
cases was similar. Male subjects with low educa-
tional level were at marginally higher risk than
those with high educational level for developing
CRC (p = 0.061).
Table 2 shows the effects of amount and dura-
tion of smoking on CRC risk before and after
being dichotomized by gender. The prevalence
of male and female smokers was 61.4% and
5.7% among the CRC patients, compared with
45.6% and 4.5%, respectively, among the con-
trols. Cigarette smoking was a significant risk 
factor for developing CRC in overall (adjusted
odds ratio [aOR], 1.6; 95% CI, 1.1–2.3) and male
subjects (aOR, 1.6; 95% CI, 1.0–2.5), but not 
in women (aOR, 2.7; 95% CI, 0.8–8.8). Current
smokers (aOR, 1.7; 95% CI, 1.1–2.6) were at
higher risk than ex-smokers (aOR, 1.5; 95% 
CI, 0.9–2.5) when compared with nonsmokers.
Compared with nonsmokers, those who con-
sumed an average of 1–20 and > 21 cigarettes per
day had 1.4- (95% CI, 0.9–2.0) and 3.0-fold
(95% CI, 1.6–5.7) greater risks of CRC, a signifi-
cant dose–response trend (p for linear trend =
0.001). Those who consumed more than 20 pack-
years had a 1.7-fold greater risk of CRC than
those without (95% CI, 1.1–2.5). The effects were
similar among male smokers. There was no in-
teraction between gender and cigarette smoking
(p for interaction = 0.994).
As shown in Tables 3 and 4, neither alcohol
drinking nor betel quid chewing was an indepen-
dent risk factor for CRC. There was no interaction
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between gender and drinking or chewing (p for
interaction = 0.608 and 0.277, respectively). The
prevalence of male and female drinkers was 27.5%
and 3.8% respectively among CRC cases, compared
with 23.9% and 1.5% among control subjects.
The prevalence of male chewers was 15.7% among
CRC patients and 10.3% among control subjects.
Chewing habits are seldom found among female
cancer and control subjects. Different types of
betel quid used made no difference to CRC risk.
In addition, no significant interaction for con-
sumption of cigarette and betel quid was detected
(data not shown).
Discussion
In our study, only smoking was found to be an
independent and significant risk factor of CRC 
in men (aOR, 1.1; 95% CI, 0.5–2.2), but not in
women (aOR, 2.7; 95% CI, 0.8–8.8). The main
reason was probably the much lower prevalence
rate of smoking among Taiwanese women (∼1.5%),
compared with men (∼10%). Previous population-
based cohort8,22 and case-control9,23 studies have
shown that smoking is associated with a 1.4–3.0-
fold increase in CRC risk after a long induction
period. However, another large cohort study did
not indicate any excess CRC risk in men who were
long-term heavy smokers.10 Because men are the
major population of cigarette smokers, less in-
formation has been obtained for the CRC risk
among female smokers. In a prospective cohort
study that investigated the effect of smoking on
CRC risk in women, an increased risk was seen in
those who had smoked for >30–40 years.8 A study
including 312,332 men and 469,019 women in
the US has indicated that an increased CRC risk
is evident after ≥ 20 years of smoking, and the
risk is similar between both genders. Our results,
which are consistent with most previous reports,
indicate that longer duration (> 20 years), higher
average dose (> 20 cigarettes/day) or cumulative
amount (> 20 cigarettes/day) are necessary to sig-
nificantly increase CRC risk in men. Some re-
searchers have suggested that one of the reasons
I.C. Wu, et al
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Table 1. Distribution of selected demographic characteristics of colorectal cancer cases and controls by
gender*
Male Female
Cases (n = 153) Controls (n = 331) Cases (n = 105) Controls (n = 202)
Age (yr)
< 51 21 (13.7) 42 (12.7) 16 (15.2) 33 (17.5)
51–60 34 (22.2) 71 (21.5) 24 (22.9) 49 (25.9)
61–70 46 (30.1) 97 (29.3) 37 (35.2) 69 (36.5)
> 70 52 (34.0) 121 (36.6) 28 (26.7) 38 (20.1)
p for χ2 0.955 0.619
Ethnicity
Fukienese 127 (83.0) 263 (79.5) 93 (88.6) 165 (81.7)
Mainlander 6 (3.9) 12 (3.6) 4 (3.8) 2 (1.0)
Others 20 (13.1) 56 (16.9) 8 (7.6) 35 (17.3)
p for χ2 0.566 0.020
Education (yr)
≤ 7 63 (41.2) 123 (37.2) 74 (70.5) 118 (58.4)
7–12 61 (39.9) 112 (33.8) 26 (24.8) 69 (34.2)
> 12 29 (19.0) 96 (29.0) 5 (4.8) 15 (7.4)
p for χ2 0.061 0.115
*Data presented as n (%).
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for a nonsignificant finding between smoking
and CRC is that the control group includes pa-
tients with adenoma. They have also suggested
that the effect of smoking on colorectal adenoma/
carcinoma occurs in the earlier stages of the forma-
tion of adenoma and carcinoma in situ.8,24
To the best of our knowledge, this is the first
study to investigate the effect of betel quid chewing
on CRC risk. Most chewers in Taiwan also con-
sume cigarettes and/or alcohol.25,26 However, un-
like chewers in India, Colombia and Indonesia,13
those in Taiwan do not chew with tobacco,14 and
it is easier to evaluate the sole effect of betel quid
on CRC risk. In Taiwan, piper betel inflorescence
is frequently added to betel nut. This inflores-
cence contains about 15 mg/g of safrole. During
chewing, the concentration of safrole can reach
420 mol/L. Animal experiments have indicated
that DNA adducts can be formed in white blood
cells and internal tissues after feeding mice safrole-
containing materials.27 Previous studies in Taiwan
have indicated that chewing with inflorescence
increases the risk of esophageal17,19 and pharyn-
geal16 cancer. However, fewer chewers are found
among patients with CRC than those with esopha-
geal (36.8–56.4%)17,19 and pharyngeal (77.7%)
cancer.16 It is possible that the concentrations of
carcinogens in betel quid decrease gradually as
they pass through the intestinal tract and cause
less damage to the colon. However, there is also
an indirect effect of betel quid chewing on human
cancer risk, and this comes from absorbed car-
cinogens, such as nitrosamine and reactive oxy-
gen species, in the blood.28 This indirect effect
may contribute more than the direct effect with
regard to the carcinogenetic effect of betel quid
on hepatoma risk.20 In the present study, we did
not find a significantly higher CRC risk among
betel quid chewers. However, the restricted study
power is an important limitation of this investi-
gation, because only 6.3% of power for betel
chewing was obtained from the post hoc power
analysis. The appreciable difference between the
estimated OR (2.0-fold) and the observed OR
(1.1-fold) may address the discrepancy between the
estimated and the required sample sizes. Therefore,
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a further larger-scale study in a population-based
setting is needed to clarify the direct and indirect
effects of betel nut chewing on CRC risk.
There is still no consensus about the causal
relationship between alcohol consumption and
CRC risk, although a recent review has concluded
that there is a very moderate increase in CRC risk
as a result of alcohol consumption. Different al-
coholic beverages do not cause any differences in
risk of colon cancer compared with that for rectal
cancer.29 In our study, we did not find such an
association in men or women. Other known CRC
risk factors, including family history of CRC and
a high-fat diet, have been suggested in previous
studies.30 In our study, we used the amount of
fruit and vegetable consumption to adjust for 
the diet effect. However, we did not consider the 
effect of family history for CRC because of in-
complete data in the control subjects from the
Otolaryngology Department. In conclusion, cig-
arette smoking rather than betel quid chewing or
alcohol consumption is an independent risk fac-
tor for CRC in men. A further larger study should
be conducted to investigate the risk factors for
CRC in women in Taiwan.
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